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FOREWORD

Airloads for the T27/JT8D side nacelles presented in this report
were obtained from low speed nacelle and inlet wind tunnel tests
by the 707/727/737 Structural Loads Staff of the Boeing Commercial
Airplane Company, a division of the Boeing Company, Seattle,
Washington. The work, sponsored by NASA Lewis Research Center

and reported herein, was performed between COctober 1973 and
February 1974 as part of the Phase II Program on Ground Test of
Refanned JTED Purbofan Engines and Nacelles for the 727 Airplane.

This report has been reviewed and is approved by:
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J. A, rrell, Chief, Technology Staft
JT8D Refan Program
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Frogram Manager
JT8D Refan Program



1.0
2.0
3.0

4,0

5.0

6,0

T«0

TABLE OF CONTENTS

Page

SUMMARY ==——mmmmm o ormm s o s o e b e o o e 1

INTRODUCTION =mmmmmmm e mm e e e e e et e 3

NOMENCLATURE = o m o ot an s e s o i e e 2 mim e 5

MODEL AND TEST DESCRTPTION =-—s-csmmessmearmemmo———— 7

4.1 MODEL DESCRIPTION =emwrrimmmmme ;o e m e mm = 7
4,1,1 SIDE NACELLE MODEL ==m-mm-m—m--e-e—e———— v

4,1.1.1 BASIC MODEL =memmecmmeemmeeeee 7
4,1.1.2 NACELLE PRESSURE MODEL ~-===w-=
4,1,2 SIDE INLET MODEL ~=mreememrcceccccea—e—— 8

L,2 TEST FACILITIES AND MODEL INSTALLATIONS -=m==--
4.2,1 SIDE NACELLE TEST =m--cm-mmmmmmmmmmmmmem 8
4.2.,2 SIDE INIET TEST s--mmmmmemccmecmmcceeme-

4.3 TEST PROCEDURE mecmme—meeec;c—e e ce————-—— 9
4,3.1 SIDE NACELLE TEST mmceomerr-mmecmome—e———
4,3,2 SIDE INLET TEST memocemocm—meeo—mo e ———

DISCUSSION OF TEST RESULTS =smmmmmccacamecc e s e 11

5.1 SIDE NACELLE TEST --r-m-mere-mcccc;ce————————— 11
5.1.1 NACELLE SURFACE PRESSURE DISTRIBUTIONS-- 11
5.,1,2 NACELLE INFLOW ANGLES sec-——ommm—mmcemcma 12

5.2 SIDE IBLET TEST me~wmececccccc e e e 12

5.3 SIDE NACELLE ATRLOADS -m=recmmwmcmceccccmcmee——n- 13

CONCLUSTONS eswemeomcommcmm e e e e mm 15

FIGURES AND TABLES ~ermeemecscmmmc e cccccm— ;s e mm——ae 17

7.} GENERAL FIGURES AND TABLES =----m~ecwmcemomema- 17

PRECEDING PAGE BLANK NOT FILMED



TABLE OF CONTENTS (CONT'D)

Page
7.2 WIND TUNNEL DATA RESULTS =mmmwmm s mmr oo e mme 27
7.2.1 NACELLE PRESSURE COEFFICLENT

DISTRIBUTIONS ———— —— ——— 27
7.2.2 NACELLE INFLOW ANGLE TUFT PHOTOGRAPHS ~-—— 205

7.2.3 INLET SURFACE STATIC PRESSURE RATIO
DISTRIBUTIONS ~————mmm e mmmm e e e mmemem 211
8.0  REFERENCES — ' 261



1,0 SUMMARY

This report presents low epeed nacelle airloads for the 727/JT8D refan
side nacelle obtained from two low speed wind tunnel tests, External
hacelle surface pressure distributions are from testing of & flow-
through, body mounted nacelle model, and internal surface pressure
distributions are from performance testing of a forced air inlet model,
These supplement existing high speed data for the calculation of airloads

on necelle components,

Low speed alrloads for the 727/JP8D refan side nacelle, based on wind
tunnel test results presented in this report, are lower than prelimlnary
estimates, due to a more detailed knowledge of the surface pressure
distributions. Airleoads for high speed flight conditlons, based on rescaled
existing standard nacelle data, glve higher nacelle cowl surface pressures
than low speed conditions, but lower airloads at the inlet flange and

mount structure, due to more symmetrical surface pressure distributions.
£stimated airloads for the standard side nacelle at the inlet attachment
flange, using these low speed test results, are approximately 80% of the
airloads estimated for the refan nacelle, for the same critical flight

condition.

Wind tunnel testing has generally shown that low speed flaps down

maneuver conditions glve high wing downwash alrflow st the nacelle which
result in large down alrlosds on the nmcelle. These large down sirloads
are a result of high wing downwash combined with high engine mass flow
rates through the inlet, In general, testing has shown that more negative
angles of attack and larger flap deflections produce larger downflow
angles into the nacelle, and pressure distributions on the inlet are
sinusoidally dlstributed with symmetry rotated from the vertical, due to

a crossfTlow component of airflow Into the nacelle.



2,0 INTRODUCTION

This report presents airloads for the 727/JT8D refan side nacelles from
two low speed wind tunnel tests. These low speed airloads supplement
existing high speed airloads avallable for the standaerd 727 airplane
nacelles, These low and high speed results provide data for determining
nacelle component alrloads for critleal flight conditions, For example,
eritical down alrloasds on the inlet attachment flange are from low speed

conditions, and critlecal up alrloads are from high speed conditions,

The refan engines, Pratt and Whitney Aircraft JT8D-109 englnes, sre modified
JI8D-9 engines having larger diameter front fans and other modifications

for quleter operation, These englnes require larger diameter inlets and
nacelles for mounting on the 727. Refan side nacelle design airloads

are obtained for critical flight condlitlons from low speed sirloads
presented ln this report and from existing high speed alrlosds rescaled

to the enlarged refan geometry.

Slde nacelle sirleads presented in this report lneclude surface static
pressure dilstributions from two low speed wind tunnel tests, the side

nacelle and the side Inlet tests, External nacelle surface pressures are
from testing of a flow-through, airplane body mounted nacelle model., Alrflow
angles 1into the nacelle are also from this testing. Internal inlet

surface pressures are from performance testing of a forced air silde inlet
model, The comblnation of these external and internal surface pressure

distributions is Integrated to obtain nacelle component airloads,

Low speed wind tunnel testing of the Boelng 727-200 airplane with refan
nacelles was performed at the University of Washington Aeronautical
Laboratory (UWAL) low speed wind tunnel in October 1973, The right side
nacelle was instrumented with pressure taps longitudinally and ecircum-
ferentially to measure surface statiec pressure distributions. Emphasis
was placed on obtainlng exterior cowl pressures with enough internal inlet

pressure taps for correlation with side 1nlet test data. Surface static
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pressure distributions were obtalned for varlous flap settings and airplane
attitudes. In addition, local alrflow angles inte the nacelle inlet were
neasured by tufts mounted in front of the nacelle for ko® flep conditions,

Low speed wind tunnel testing of the 727/JT83 refan side inlet was performed
by The Boelng Compsny, Propulsion Staff at the Boeing 9'x 9'Low Speed

Wind Tunnel in December 1973. As part of thils testing, surface statie
pressures on the upper and lower inlet surfaces were obtsined for varilous
inlet angles of attack, alr speeds, and englne mass flow rates, This

test is reported in reference 1,

The side necelle pressure modal and test, and the side inlet model and
test sre dlscussed in section 4,0, Test results are discussed in gection
5.0 with concluding remarks in section 6.0, Flgures and tables are
presented in section 7.0.



UWAL

3.0 NOMENCLATURE

University of Washington Aeronauticel Leboratory
Pressure 1In pounds per square inch

Pressure Iln pounds per square foot

Pressure in Newtons per sgquare meter

Pressure coefficient, E—éZFEL—

Surface static pressure

Freestream statle pressure

Freestream dynamlec pressure, 3 gw Ve
Freestream air density

Freestream velocity

Tunnel total pressure

Freestream Mach number

Engine mass flow rate corrected to sea level,
standard atmosphere where &= temperature ratio,
4 = statle pressure ratio

Specific heat ratio

Wing flap setting, degrees

Wing piteh angle of attack, degrees - positive
nose up

Body pltch angle of attack, degrees - positilve
nose up

Yaw angle of attack, degrees - positive nose left

Nacelle circumferential position, degrees -
positive clockwise from top, looking aft

Downwash component of nacelle inflow relastive
to nacelle ¢, degrees



NOMENCLATURE (Cont'd)

¢I3 ' Downwash component of nacelle inflow
relative to body w.l., degrees

?{N Crossflow component of nacelle inflow
relatlve to nacelle ¢, degrees

fm' Total nacelle inflow angle relative to
the nacelle G, degrees

¢ Centerline

Wal. _ Airplane body waterline

hilite Forward edge of inlet 1ip contour



L,0 MODEL AND TEST DESCRIPTION

4,1 MODEL DESCRIPTION
4,1.1 SIDE NACELLE MODEL
4,1,1.1 BASTC MODEL

The basic model configuration was & 0.075 scale model of the Boeing 727 =200
girplane with model nacelles for the Pratt & Whitney JT8D-109 engine
mounted in place of the standard model nacelles. The configuratlon, as
tested in the UWAL wind tunnel, 1s shown 1n the photograph, section 7.1,
figure 1, and in the sketches, figure 2,

The basic model configuration, designated TX-549-E35, had the standard
727-200 body, wings, leading edges, flaps, and tall, The horizontal
stabilizer was pre-get to a nominal trim position and remsined unchanged
during testing. Flaps were set at OO, 50, 150, 300, and MOO, as reguired.
Leading edge slats and Krueger flaps were set in the up position at 0°
flaps and in the down positilon at 5%, 15°, 300, and 40° flaps. Landing

gears were down at 407 flaps.

The nacelles were modeled to simulate the refan nacelles, The right silde
refan nacelle was instrumented to measure surface static pressures and

is more fully described in section 4.1,1.2, The left side refan nacelle
was an aerodynamlc flow-through model without the pressure taps. The

refan center engine inlet was simmlated wlth an aerodynamic bulb.

4,1,1,2 NACELLE PRESSURE MODEL

The right slde nacelle was a flow-through type pressure model instrumented
with pressure taps to measure surface static pressure distributlons. The
nacelle was mounted to the airplane body on the standard strut design. The
inlet had o° cant relative to the nacelle centerline snd the Internal
design was symmetrical. Nozzle exlt diameter on the model was enlarged
from thet of the actual nacelles to better simulate engine mass flow rates,

Nacelle geometry, as tested, 1s shown in figure 3.



Surface pressures were measured by pressure taps located longitudinally
on the nacelle top, bottom, and sides, with elrcumferential bands on
the interior and exterlor inlet lip. Tap locatlons are as indicated in

figure 3. There were 70 pressure taps total.

4,1.2 SIDE INLET MODEL

The side inlet model was & 0.30 scele forced air model with symmetrical
internal and external cowls. Data presented in this report is for the
inlet model with a splitter ring and center body instelled (refan config-
uration 2), The model was instrumented, in part, with pressure taps
longitudinally on the top and bottem, internal and externsl cowls to
measure surface static pressure. Detslls of the side inlet model are

reported in reference 1,

4,2 TEST FACILITIES AND MODEL INSTALLATIONS
4,2,1 SIDE NACELLE TEST

Side nacelle testing was performed in the 8 x 12 foot (2.44 x 3.66 meter)
low speed wind tunnel at the University of Washington Aeronautical
Laboratory. 'The tunnel is a closed, double return type with viewing

windows located on the top and sides of the test section.

The alrplane model was balance mounted on a strut from the floor, Remote
capabillty was avallable to vary pltch and ysw angles. Tunnel entry
could easity be made to change flap and leading edge configurations,

Instrumentation consisted of the usual tunnel measurements with the
additional capabllity of messuring nacelle surface static pressures.
Pressures were transmitted by tubing lines from the pressure taps on the
nacelle surface to four scanlvalves mounted inside the airplane model aft
body. By remotely phasing these scanivalves, tap pressures were tranmitted
through lines to the tunnel instrumentation and deta system outside the
test section. In addition, a rod with three tufts could be attached to

the airplane model body in front of the right nacelle so thet airflow



angles into the nacelle could be measured, The rod was removed when
nacelle pressure dats was taken., The rod was mounted as indicated 1n
figure 2, approximestely one and & half inlet diameters in front of the
inlet hillite, with the tufts centered in the stream tube entering the
nacelle inlet,

L,2,2 SIDE INLET TEST

Side Inlet testing wes performed in the Boelng 9 x 9 foot Low Speed Wind
Tunnel, Seattle, Washington. The tunnel is an open, non-return type. The
inlet model was mounted onan alr duct through the test section floor to a
jet engine which provided forced air for englne mass flow rate simulation,
Details of the inlet test facility and model installation sre reported in

reference 1,

4,3 TEST PROCEDURE
4,3,1 SIDE NACELLE TEST

The confilgurations and conditions tested are indicated in Table 1., Surface
atatic pressure data were taken for Oo, 50, 150, 300, and bo° flap angles

at wing pitech angles at attack from -11° to 230. The most severe nacelle
airloads were expected for high flap angles, but lLower flap angles were
tested for completeness and correlation with existing high speed airlosd
data. Dynamic pressures were nominally 50 psf or 30 psf (2390 and 1kho N/mQ).
At several high angles of attack drasg force limits of the balance mount

were met, forecing lower dynamiec pressure testing, Tufts were installed

with the 40° flap condition to check the alrflow lnto the nacelle from

wing downwash, 1In dolng so, crossflow angles were noted. Subsequently,
pressure data and tuft photographs were taken at yaw angles of +10O and --lO0
to further investigate this flow.

4.3.2 SIDE INLET TEST

Inlet performance for various Inlet esngles of attack, engine mass flow
retes, and airspeeds was tesbted, Details_of the inlet test procedure

are reported in reference 1,



5,0 DISCUSSION OF TEST RESULTS

5.1 SIDE NACELLE TEST
S5,1.1 NACELLE SURFACE PRESSURE DISTRIBUTIONS

Refan side nacelle surface static pressure distributions are presented

in sectlon 7.2.1, figures 8 through 183, Test data are presented as
indicated in the figure number index at the beglnning of the section.
Longitudinal and circumferential surface pressure distributions are
presented for each band of pressure taps, For clarlty, each run has been
divided and shown in two angle of attack groups., To better define longl-
tudinal pressure coefficients on the nacelle inlet, these are shown with
an expanded scale on sdditional figures. The inlet hilite location 1s
indicated on each figure, with the internasl pressures plotted forward

of the inlet hillte on a reverse scale for elarity. Tunnel corrections
have been made to all data 1In these flgures. Pressure data are presented

as pressure ccefflelents, Cp, which is the relationship:

ap

4o

— P=D os
C = —
P % Sm-\(ao

where p = surface static pressure

Poo = Tree stream static pressure
Qo = free stream density
Qee = free stream dynamic pressure
Voo = free stiream velocity

The surface pressure data show that pressures vary with airplane attitude
and flap setting. More severe pressure dlstributions are indicated for
fiight conditions with more negative pitch angle of attack and larger

flap settings, conditions producing downwash airflow from the wing.
Highest pressures are forward on the inlet. Circumferentiasl pressure
coefficlent distributions on the inlet 1lip, in general, are sinusoidal
with symmetry rotated from the vertical. There are only smell differences
in pressure coefflclents between runs with dynamic pressures of 30 and 50
psf (1460 and 2390 N/mg) for the same test configuration. Pressure
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coefficients may be considered independent of dynamic pressure for this

dynamic pressure range.

Nacelle surface static pressures appear to have been successfully measur-
ed. The use of surface pressure data for the aft portion of the nacelle
should consider the influence of exhaust airflow and the enlarged model

exit dismeter. Nacelle pressures are found to correlate reasonably well

with existing high speed wind tunnel dsta.
5.1.2 NACELLE INFLOW ANGLES

Photographs were taken from the test section top and side of tufts mounted
in front of the nacelle. These indicate downwash and crossflow components
of airflow intc the nacelle. These photographs are for the 40° flap con-
dition, where large downwagh angles were expected, and are presented in

section 7.2.2, figures 184 through 188.

Downwasgh and crossflow components of airflow into the nacelle have been
measured from these photographs and are tabulated in table 2, section T.1.
Total inflow angles have been calculated and are alsc shown in table 2.
Figures 4 and 5 show downwash and total inflow angles for the center tuft
plotted versus wing angle of attack. The measured inflow angles vary with
angle of attack. Downwash angles are larger at higher negative angles of
attack. Crossflow angles show an influence of the aireraft fuselage at
negative angles of attack and yaw conditions. It should be noted, however,
that inflow angles at extreme negative angles of attack seem to be

influenced by the center engine inlet aerodynamic bulb.
5.2 SIDE INLET TEST

Side refan inlet surface static pressure distributions from inlet perfor-
mance testing are presented in section T7.2.3, figures 189 through 236.
Test data are presented as indicated in the figure number index at the
beginning of the section. The inlet hilite location is indicated on each
figure, with the external pressures plotted forward of the inlet hilite
on a reverse scale for clarity. Pressure data are presented as a surface

static pressure ratio, which is the relationship:



P
PToo

where p = surface static pressure

Prec = tunnel total pressure
The pressure ratlios are applicable to flight conditions with the same Mach
Number, Mg, and the same corrected engine mass flow rates, ngp . Veloe-

ities indicated have been corrected to sea level, standard atmosphere.
Pressures follow the isentropic flow relationship:

Poo - Y/ ¥-1
= - [“_L%.— MQ.% /¥

Pr oo
where ¥ = specific heat ratio

The inlet surface pressure data show that the location of the stagnation
point is dependent on the local inflow angle, engine mass flow rate, and
freestresm velocity. The inlet surface pressures internsgl from the stag-
nation point are dependent on engine mass flow rate. The inlet pressure
distributions external from the stagnation point are dependent on free-
stream veloecity. Zero degree inlet angle of attack conditions show inlet
symmetry. For increasing inlet angle of attack, pressure distributions on
the upper and lower surface of the inlet beccme increasingly asymmetrical.
Inlet pressures are found to correlate reasonably well with side nacelle

pressures.
5.3 ©SIDE NACELLE AIRLOADS

Low speed alirloads on refan side nacelle components are cbtained from the
test results presented in this report. They are a combination of external
nacelle pressures from side nacelle testing and internal pressures from
side inlet testing. The determination of design component airloads
involves the following factors:
1) The selection of critical aircraft attitudes and alrspeeds
-which depend on gross weight, allowable load factor, flap setting,
and allowable airspeed.
2) The external nacelle surface pressure distribution for critieal

alrcraft attitudes and airspeeds.



3) The airflow angle into the nacelle for critiecal aircraft attitudes
and alrspeeds,

L} The interﬁal inlet surface pressure distribution at the nacelle
inflow angle and engine mass flow rate for critical aircraft
flight conditions.

5) The integration of internal and external surfece pressure dis-
tributions for critical aircraft flight conditions teo obtain

component airloads.

Airloads on the inlet attachment flange mgy be considered a representative
exanple of airloads on nacelle compohnents. Pregsure distributions which
give critical down airloads at the inlet flange and, as o result, large
airloads on the mounting structure, are shown in figures 6 and 7. These
are for a flaps down approach condition for an aireraft with hOO flaps,
low gross weight, a large negative pitch angle of attack, and requiring
high engine thrust. This condition results in high downwash airflow aft
of the wing, giving a large airfiow angle relative to the nacelle center-
line. Surface pressures are found to be distributed sinusoidally on the
inlet circumference with symmetry 300 from the top, due to a crossflow
companent, of airflow. It may be noted that internal inlet airloads at

the inlet flange are nearly 75% of the total airloads for this condition.
These low speed down airloads at the inlet flange are approximately four
times higher than the up airloads for high speed flight conditions, due to
g more assymmetrical pressure distribution. They are, however, lower than
preliminary refan estimates. High speed airloads on the nacelle cowl
surface are greater than low speed airloads, but a lower angle of inflow
to the nacelle gives a more symmetrical pressure distribution. ZEstimated
standard side nacelle airloads at the inlet flange for this condition,
using results presented in this report, are approximately 80% of the refan

nacelle girloads.



6.0 CONCLUSIONS

Low speed airloads for the T27/JT8D refan side nacelle, based on wind
tunnel test results presented in this report, are lower than preliminary
estimates, due to a more detailed knowledge of the surface pressure dis~
tributions. Airloads for high speed flight conditions, based on rescaled
existing standard nacelle data, give higher nacelle cowl surface pressures
than low speed conditions, but lower airloads at the inlet flange and

mount structure, due to more symmetrical pressure distributions. Estimated
airloads for the standard side nacelle at the inlet attachment flange,
using these low speed test results, are approximately 80% of the airloads

estimated for the refan nacelle, for the same criticel flight condition.

The following general conclusions from low speed wind tunnel testing can
be made:

1. High wing downwash sirflow at the nacelle exists for flaps down
conditions and gives high inflow angles to the nacelle.

2. Downflow angles of airflow into the nsecelle are larger at more
negative pitch angles of attack.

3. Internsl inlet airlcads ere predominant for low speed flight
conditions requiring high engine mass flow rates.

4. The combination of large flap deflections, large negative pitch
angle of attack, and high engine mass flow rates gives large
airloads at the inlet attachment flange.

5. ©Burface pressure distributions on the inlet circumference are
in general, sinusoidally distributed with symmetry rotated from
the vertiecal, due to a crossflow component of airflow into the

nacelle,.



7.0 FIGURES AND TABLES

7.1 GENERAL FIGURES AND TABLES

Presented in this section are general figures and tables discussed in the

report text.

FIGURE NO.

1

TABLE NO.

PRECEDING PAGE BLA

These are presented as listed below.

TITLE
727-200/JTE8D REFAN AIRPLANE MODEL FOR NACELLE
PRESSURE LOADS AS INSTALLED IN THE UNIVERSITY
OF WASHINGTON AERONAUTICAL LABORATORY (UWAL)
WIND TUNNEL (40° FLAP CONDITION)

TEST CONFIGURATIOK FOR THE T2T7-200/JTSD
REFAN NACELLE MODEL

T27/JT8D RIGHT REFAN NACELLE PRESSURE MODEL -
GEOMETRY AND PRESSURE PORT LOCATIONS

INLET DOWNWASH ANGLES FROM TUFT PHOTOGRAPHS
TOTAL INFLOW ANGLES FRCM TUFT PHOTOGRAPHS

SIDE INLET PRESSURE DISTRIBUTION FOR THE
EXAMPLE FLAPS DOWN CONDITION

SIDE NACELLE PRESSURE DISTRIBUTION FOR THE
EXAMPLE FLAPS DOWN CONDITION
TITLE

TEST CONDITIONS FOR THE T27-200/JT8D REFAN
NACELLE LOADS PRESSURE MODEL

NACELLE INFLOW ANGLES FROM TUFT PHOGOGRAPHS

NK NOT FILMED

PAGE

18

26

PAGE

21

22
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FIGURE 1. - 727-200/JT8D REFAN AIRPLANE MODEL FOR NACELLE PRESSURE ILOADS AS INSTALLED IN THE
UNIVERSITY OF WASHINGTON AERONAUTICAL LABORATORY (UWAL) WIND TUNNEL (40° FLAP CONDITION)
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RFefen ceanter naceile bulb

\ Raslc serodynamic
—] 727-200 body

Fefsan nacelle Load
tressure tap model

/ — N

Fefen nacelle -
serodynamic model

'FIGURE 2. - TEST CONFIGURATION FOR THE 727=-200/JT8D REFAN NACELLE MODEL
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TABLE 1. - TEST CONDITIONS FOR727/JT8D REFAN NACELLE LOADS PRESSURE MODEL

Dynamic pressure,| Flap setting,| Wing angle of Yaw angle Type of Run
Run ) 5 _ g1€,
No. Qs PST{N/m attack, o Surface Tufts
. s / ) SF (a) > (d4) Pressures | W/Photos
1 50 (239h) 15° -5° to 23° o° X
2 b 50 (2394) Lo® -11°, -9%t023° 0° X
3 30 (1436) Lo® -11°%,-9%0 23° o° X
i 30 (1436) u0° -11°,-5°,12° o° X
5 50 (2394) 40° -11°,-5°,12° o° X
6 30 (1436) 4o -11°%,-9%0 23°] +10° X
7 e 50 (2394) 30° -5° 4o 23° o° X
8 50 (2394) 5° -5° to 23° 0° X
9 30 (1436) 1o° -11°,+9%0 23° | -10° X
10 30 (1436) 4o° -119,-5%,12° -10° X
11 30 (1436) so® -11°,-5°,12° +10° X
12 50 (2394) o° ~5% to 23° 0° X
By 4° Increments; X wing = & Body + 2°
b q = 45 psf (2155 N_/mz) at X w = 19°, drag limited
q = 40 psf (1915 N /a°) st X w = 23°, drag limited
q = 4o psf (1915 N/ma) st Xw =23° drag limited
d + yaw, nose left; -yaw, nose right
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o

(a)

TABLE 2, — NACELLE INLET FLOW ANGLE FROM TUFT PHOTOGRAPHS

vaw Angle Wing Pltch . Cr_ossflogeangle,‘xlq, Duwnwash ;:ggle,dm, Total inflow angle, (N, deg.)
€4€5 Angle of Attack, . & ' (b)
W - ! Tuft Number(ey Tuft Number Tuft Number
Wing 1 o 3 1 2 3 1 2 3
-11° 21 1l 8 27 2l 2l; (g (@) 5r (¢) 55
-10° (a) -5° 18 16 8 21 18 18 (9 o7 ol; 20
(nose right) o
12 8 9 3 13 13 13 15 16 13
(a) -11° 8 | & 1 23 23 23 2l 23 23
0° (a) -5° 8 4 1 19 19 19 20 19 19
(a) 12° 5 3 =b 3 3 3 6 4 4
-11° 3 -2 -9 18 18 18 18 18 20
+100 0
(nose 1left) () -5 2 -5 =12 17 17 17 17 18 21
12° -7 6 |-15 -1 -1 -1 7 6 15
a Flaps are set at 40® for all conditions and X_, ¢H’ (N e tufts numbered as below:
are all relative to the nacelle ¢ N -
b Calculated from : - + - 1 _— {é:?
cos< ;N a cos‘fyutN cosgﬁu- [ —e—
e Possible influence of center engine bulb § i ﬁ

a Photographs shown in Figures 184, through 188.
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OCwing = Kbody +2°
P nacelle = Phody - 3

nose left

DOWNWASH INFLOW ANGIE RELATIVE TO NACELLE ¢ , ¢h, DEGREES

-10 0

olwing, deg.

FIGURE ~ L4, - INLET DOWNWASH ANGLES FROM TUFT PHOTOGRAPHS

10 20
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TOTAL INFLOW ANGLE RELATIVE TO NACELIE ¢,i{, , DEGREES

. oluing =

§L¢ nacelle

i.
Y=o s ZEro yaw

=10 )
L wing, deg.

FIGURE 5, - TOTAL INFLOW ANGLES FROM TUFT PHOTOGRAPHS

10

20
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}AIRLOAD AT INLET FTANGE  |.if:
FORWARD LOAD = 1LL0 lbs.r
DOW'N LOAD = 4380 1bs.

thsong tine L1 L YT T T PR

a.*l‘ﬁ’msswms I ZP L. ) STNUSOTDATLY - i
) ISTRIBUTED ON CIRCUMFERENCE i
i 1 cm =1 psi, LIMIT
R L R I e id' R e s

il st

_u_
g

Him st i .;I: FETET OB TEI WY ORI

50 60 70 ‘80 'S0

(i.27)  (1.52)  (1.78)  (2.03) (2.29)
Nacelle station, inches

FIGURE 6,- SIDE INLET PRESSURE DISTRIBUTION FOR THE EXAMPLE FLAPS DOWN CONDITION
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(em) esw) (38 (5.08) (6,35 (7.62)
Nacelle station, inches (m.)

FIGURE 7.- SIDE NACELLE PRESSURE DISTRIBUTION FOR THE EXAMPLE FLAPS DOWN CONDITION



7.2 WIND TUNNEL DATA RESULTS

7.2.1 NACELLE PRESSURE COEFFICIENT DISTRIBUTIONS

Presented in this section are nacelle surface static pressure coefficlent

distributions obtained from the wind tunnel test discussed in Section 4.0.
Data are presented on pages 28 through 203 as shown in the figure number

index below,

FIGURE NUMBER INDEX FOR NACELLE

PRESSURE COEFFICIENT DISTRIBUTIONS

TEST TOF IRBOARD | TNBQART EXTFRRAL | INTERNAL
CONDITION ABOVE | BELOW | BOTTOM OUTBOARD | CTRCUM, | CIRCTM.
= STRUT aPRUT
° . g | E
—— L | ]
E =12l | B B E B E a E 3 5 E AT STA,  [AT BTA,
> o I H ES - 2 § H o = =] 2 4.5 I'H(b) 4.5 I,
o o R Q 12 12 16 15 19 22 23 26 28
0 © 501 12 wlwu |w | | X ] 20| 21 2y | 25 27 29
< e 304 31 3 35 28 Lo b1 Ll Ls LB 50
7 o) o] 8 133 fze |37 | Xl e we) sy | oue | w7 g 51
o o 52 | 53 56 57 60 62 63 66 €7 70 T2
1574 00 501 1 | @l 55 |58 | so | K| er] es |65 | 68 | 69 7 73
o o 7wl s §78 | 79 g2 | su | 85 88 | Bo %
300 o] Oy T {4l 77 lse |8 [ *| 83| 86|87 | 90 | 91 93 3:
W | ol sel 2 % o |wof 11 k! 106| 107 | 1ol 1 11h 116
3 98| 99 |12 103 ]| *}| to5] 108 109 | 112 113 115 117
1&00 OO o 118 | 119 | 122 | 123 126| 1281 129 132 | 133 136 138
0 3 1i20) 121 [12u | 1es | ¥ 127| 130 131 | 1| 135 137 139
0 1.0 1o | 1kl | 1Bk | 1us 18] 150 151 isk | 155 158 160
ko [=107 | 30| 9 fyua| qus w6 | w7 | X wwg| 152 | 153 | 156 { 157 159 161
o & 162 | 163 | 166 | 167 170 172 | 173 176 | 177 180 182
a0 ) 301 6 |yaf 165 J1e8 | 160 | X 17a| wm| 175 | 178 | 179 181 183
(a) 50 pst = 239 N/eZ, 30 paf = 1436 B/a’,
(b} 4.5 itn. = 1.38m.

{e) + yaw, nose laft; -ysv, ncas right
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I'PRESSURE COEFFICIENT, CP

=2.499 prmye o o o
:  RUN 12: O TFILAPS, O YAW
-2.290 : : SYMBOL ?Cwing q, psf { 1§ij2)
~z.000 X -5.3° 50.5 (2418)
L 0 3.4° 50.5 (2418)
-800E 4+ 12.0° 50.5 (2418)
t.amb C 20.3° 51.1 (2447)
-% ,400 i — EHE R —E'-:
-1.200
-1.000
O =
-.an00ls
-.annals
-.aﬁﬂﬂi;

DRI 52 co i | 3 . s s = S G Fh S SRR e
40,00 57,00 $0,00 9.00 ag,an 99,00 109.0 119.0

. . . NACEI,I.;ELSTATION, inches ‘ .
1,00 1.25 1.50 1.75 " 2,00 2.25 2.50 2.75

NACELJ® STATION, meters

FIGURE &, ~REFAN FACELIE INLET COWL PRESSURE COEFFICIENT DISTRIBUTION,
TOP LONGITUDINAL T



'PRESSURE COEFFICIENT, C,

-2.400 ST T s Tt ) sl

i gpuy 123 00 FLAPS, O° YAW

-2.29%

& e SYMBOTL O{wing q, psf (N/ma)
x -5.30 50-5 (2h18)

e ! 3.L° 50.5 (2418)

e 5 =S + 12.0° 50.5 (2418)
0

~2.000f

~1.800F

RPN &= i el B B 20.3° 51,1 (2kh7)

-1.400F -

—1.200f5

-1.000fE

-.80n0FE=

-.%000

- . anoni=¥F

-.200ntk

L0000 g

2000}ty

-4000{

.s0a0f B e o fas Bt e e A L SR S s

~8000

1.000 It

P o e e e e B e e e e : ]
= 7 e ot = =
BILTTE ebsings i T el 154 332 seem e
67 HPEED PEUwY Pawirl Lo4aa ALY Enmsy Iy — - LT P e
%:1” f"'"‘ﬁﬁ Tk ,_L g B g z oy il g pyied bog g Py it ShE 08 pind [abay budud sudd e
3. ano B Te s EEEEE 13 0L SLEt] CEAbS Foved $R7R) Ay Eyiky{s 128 pvmi Foumodusnd ppud Fedes shasd FR41 (ROH HAT?SoHd P o

phiest - -

* 0. 00 8n1.99 120.0 150.0 209.0 240.0 280.0 320.0

NACELLE STATION, inches
1 1

1.00 2.00 3.00 4,00 5,00 6£.00 7.00 8.00
NACELLE STATION, meters

FIGURE 9. - -REFAN NACELLE PRESSURE COEFFICIENT DISTRIBUTION,
TOP LONGTTUDINAL _
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-2.400

i opuw 12: 0° FLAPS, 0° YAW

—z.zf)':l_:: © SYMBOL Olvirg q, psf (.N/mz)

-2.00af

X -1.0° 50.5 (2418)

7.6° 50.5 (2418)
16.2° 50.8 (2432)
51.4 (2L61)

-1.800F

-1.800F=

-1.499 = 8 s HE et

~1.200f=

—1.000 5

-. 8000 =

~.6000FS

-. 4000k

gty

-.2000F

‘PRESSURE COEFFICIENT, Cp

[l

. 00005

2000 o=

L4000

<8000 £

. 8000k

1.000¢

1.200F

: e | EREE PN
471.09 2n.00 60,00 79.09 £80.00 29.00 109.0

. BACELLE STATION, inches > '
1.00 1.25 1.50 1.75 2.00 2.25 2.50 2,75
NACELLE STATTION, meters

FIGURE 10. -REFAN NACELIE INLET COWL PRESSURE COEFFICIENT DISTRIBUTION,
TOP LONGITUDINAL s

P 1

30



-2.4010

55 guN 12: 0° FLAPS, 0° YAW

-2.20 t:. 2
2. 200k SYMBOL Oluing q, psf (NW/m")

-2.000f5

X -1.0° 50.5 (2418)
o) 7.6° 50.5 (2418)
-+ 16.2° 50.8 (2L32)
. 514 (2hér)

~1.800 s

~1.snpis

-t
P e e

e ey e i) prpes s
-1, eon S : = :
: E :

'PRESSURE COEFFICIENT, Cp

b == pok Sungd Sy = i Dt iy = =] - i it
pptrec bavart haidd 04 “"."'.L. - b Sl ® i by '_“_ pordy 9454 St St P pe — =

1.909 = s i s pay swyent = pot

il bdnbd S blvbiel et inb ) S e e Pl Do A
PayS piriy g S8 50k bl puiwd funebel S¢4 el Yopd

—~ e - p oI -+

et tareas: ] ol Freks seraa teivaennty Shaut SRSTSE R {ad Shuee Eon Y BF ‘ZEEY : gaTIan ;
l.GOD yw it 1 cvadlin b g rd sedey fahy fRed! Tait frioriy bie] (Sawa b

49 .00 87,00 120.0 180.0 205.0 240.0
NACELLE STATION, inches
] 1

i ] 1 [ L g

1.00 2,00 3,00 4,00 5,00 6,00 7.00 8.00
) NACELLE STATION, meters i

FIGURE 11. -REFAN NACELLE PRESSURE CQEFFICIENT DISTRIBUTION,
TOP LONGITUDINAL .



PRESSURE COEFFICIENT, Cp

SR.400 PO
-2.200
-2.009
-1.890
~1.800} 50
=1.200 T:fTZIE
—:.zoo‘fff?
~1.000f=

-.8000f

T Row 127 0° FLAPS, O YAW

S YMBOL X ying q, psf (N/mg)
X ~5.3° 50.5 (2418)

O 3.4° 50.5 (2418)

+ 12.0° 50.5 (2418)

51.1 (2LL7)

-,5000 .’.‘

-.4oon;i
- 2000}
.uoonz
.aooa;
. 4000}

.anoni=

::ﬁgﬁgt;:w,m.m:m:x.n.m:mlw.m.m.m

ZI'.ffZ-T'-E ::F.IZZ [ p9d $9aa fhadd g ;E

50.00 60.00 7H.00 85.00 $0.99 109.0 110.0
NACELLEISTATION, inches
L

1.25 1.50 1.75 2.00 2.25 2.50 2.75
NACELLE STATION, meters

FIGURE 12. ~-REFAN NACELIE INIET COWL PRESSURE COEFFICIENT DISTRIBUTION,

INBOARD SIDE-ABOVE STRUT



'PRESSURE COEFFICIENT, Cy

~2.400

RUN 12: ©° FLAPS, 0° YAW

~2. 200

p 2
: STMBOL Cying q, psf (N/o°)
-z.ooofi":' :; h 4 -5.3° 50.5 (2418)
ZaEmE : : 3 O 3.4° 50.5 (2418)
R L | o e e e ey meem o ey e sy o
D A Ce s SE e a e o 12.0 50.5 (2418)
1. sn0bt ﬂ e Sl O [ 20.3° 51.1 (21‘4"!{7_)_ B

-1.400E

-1.219

-1.000F=

- . 8000

-.8000f=

- . 490§

~ « 2090;

.anaok=

« 20008

LGN
i

.so0af:

- 8000

1 .000F=

1.200 P
1§ prine meeys lES s TeBt M TR, _.4-:; 1 T
sl iedigsingl: . ST STees ez ot seent e
3'%%1 160.0 FLLN 24n,% 280.0 320.0
NACELLE STATION, inches
[ ] .| 1 [} 8 1 o |
1.00 2.00 3.00 4,00 5.00 6.00 7.00 8.00

NACELLE STATION, meters

FIGURE 13, -REFAN NACELLE PRESSURE COEFFICIENT DISTRIBUTION,
INBOARD SIDE-ABOVE STRUT
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'PRESSURE COEFF ICIENT, Cp

if RUN 121 O FLAPS, O  YAW

-e.em?i SYMBOL OCuing q, psf (N/mz)

-1.0° 50.5 (2418)

7.6° 50.5 (2418)
16,2° 50.8 (2432)
24 ,1° 51.4 (2461)

-2.000k

~1.800F
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~4.400—

-i.400
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FIGURE 14, -REFAN NACELLE INLET COWL FRESSURE COEFFICIENT DISTRIBUTION
INBOARD SIDE~-ABOVE STRUT




'PRESSURE COEFFICIENT, €,
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-2.479

EE puw 12: 0° Fraps, o° vaw
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2. it : 2
2.200 e i IR : SYMBCOL Xwing q, psf (N /m")
~2.000 ki = * -1.0° 50.5 (2418)
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24 ,4° 51.4 (2461)

-1.800 :_
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-1, 400
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FIGURE 15. -REFAN NACELLE PRESSURE COEFFICIENT DISTRIBUTION,
INBCARD SIDE-ABOVE STRUT
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‘PRESSURE COEFFICTENT, C,
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FIGURE 16. -REFAN NACELIE PRESSURE COEFFICIENT DISTRIBUTION

INBOARD STDE-BELOW STRUT
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~REFAN NACELLE PRESSURE COEFFICIENT DISTRIBUTION
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PRESSURE COEFFICIENT, Cp
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FIGURE 18, -REFAN NACELIE INLET COWL PRESSURE COEFFICIENT bISTRIBUTION,
" BOTTOM LONGITUDINAL
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PRESSURE COEFFICIENT, C
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FIGURE 19, '-REFAN NACELIE PRESSURE COEFFICIENT DISTRIBU‘I‘ION
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FIGURE 20, -REFAN NACELLE INLET COWL PRESSURE COEFFICIENT bISTRIBUTION,
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FIGURE 22, ~REFAN NACELLE INLET COWL PRESSURE COEFFICIENT DISTRIBUTION,
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7.2.2 NACELLE INFLOW ANGLE TUFT PHOTOGRAPHS

Fresented in this section are tuft photographs indicating nacelle inflow
angles from the wind tunnel test discussed in Section 4,0. Photographs
are presented on pages 206 through 210 as shown in the figure number

index below.

FIGURE WUMBER TNDEX FOR TUFT PHOTOGRAPHS
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FIGURE 184, - NACELLE INFLOW ANGLES (L0° FLAPS, 0° vAW, -11°x,)
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FIGURE 185. - NACELLE INFLOW ANGLES (L0° FrAPS, O° YAW, -5%«,)
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FIGURE 187. - NACELLE INFLOW ANGLES (40° FLAPS, -10° YAW, -5%,)
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FIGURE 188, - NACELLE INFLOW ANGLES (40° FLAPS, +107 -5 )
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7.2.3 INLET SURFACE STATIC PRESSURE RATIO DISTRIBUTIONS

Presented in this section are inlet surface static pressure ratio distri-

butions obtained from the wind tunnel test performed by The Boeing

Company, Propulsion Staff, as discussed in Section 4,0. Data are presented

on pages 212 through 259 as shown in the flgure number index below.

FIGURE NUMBER INDEX FOR INLET SURFACE
STATIC PRESSURE RATIO DISTRIBUTIONS
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